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Abstract The role of zinc in islet function has recently
achieved new attention as a consequence of the identification
of zinc transporter 8 (ZNT8) in islets, and the association of
mutations in the gene for this zinc transporter with glucose
intolerance and type 2 diabetes. ZNT8 is also an autoantigen
associated with the appearance of type 1 diabetes. A number of
experimental models have been employed to suggest how
ZNT8 and other zinc transporters regulate beta cell insulin
processing and possibly secretion. An additional role for the
zinc transporters in regulating alpha cell function has been
suggested. In this issue of Diabetologia, Wijesekara and
colleagues, using a cell-specific Znt8 (also known as Slc30a8)
knockout model, demonstrate that beta cell insulin processing
and glucose tolerance is negatively affected after beta cell
knock out of Znt8, whereas Znt8 knockout in alpha cells
seems to have little effect on glucagon secretion or glucose
tolerance. Although we are yet to see the therapeutic potential
of these new findings, the area represents a field through
which manipulation of islet function may eventually be
possible.
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Abbreviations
SLC30A8 Solute carrier family 30 [zinc transporter],

member 8
ZNT8 Zinc transporter 8

In the present edition of Diabetologia, Wijesekara and
colleagues [1] further explore the functional role of zinc
transporter 8 (ZNT8) (which is also known as solute
carrier family 30 [zinc transporter], member 8 [SLC30A8])
in alpha and beta cells. In a series of elegant experiments
the authors show that beta cell-specific knockout of Znt8
(also known as Slc30a8) causes glucose intolerance and
that this is accompanied by alterations in intracellular zinc
metabolism and granule morphology in knockout beta
cells. Suppression of a number of transcription factors
(including pancreatic and duodenal homeobox 1 [PDX1])
needed for normal beta cell function is also a consequence
of Znt8 knockout. By contrast, specific knockout of Znt8
in alpha cells seems not to affect glycaemic status or
glucagon secretion.

Zinc and diabetes

As a devoted supporter of an intimate relationship
between metals and disease, Paracelsus (1493–1541)
was the first to describe the metal zinc. Since 1934 it
has been known that zinc permits the formation of
insulin crystals; two or more zinc atoms cause insulin to
crystallise in hexamers [2]. We know that zinc-deficient
animals have a lack of insulin in beta cells [3].

Alterations in zinc homeostasis appear to be related
to diabetes: hyperzincuria seems well documented in
both type 1 and type 2 diabetes and may be influenced
by both sex and glycaemic status [4, 5]. Plasma zinc
may be low (type 2 diabetes) or high (type 1 diabetes) [6].
Zinc supplementation may improve clinical outcomes
related to glycaemia in diabetes (reviewed by Jansen et
al. [6]).
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Zinc and cells of the endocrine pancreas

Recent years have brought a deeper understanding of the
many roles of zinc in both beta and alpha cells. This
development has been further sparked by the identification
of mutations in the ZNT8 gene as risk factors for the
development of type 2 diabetes as first described by Sladek
et al. [7] and since confirmed by several others (for a recent
meta-analysis see Jing et al. [8]). Interestingly, ZNT8 has
also been identified as an autoantigen in many cases of
type 1 diabetes [9].

Zinc is known to be insulinomimetic [10] and now a
number of experiments have added new information and
improved our knowledge. Zinc is co-secreted with insulin
and other granule substances. Co-secretion of zinc has
substantial paracrine or autocrine effects. First, zinc
participates in the regulation of beta cell mass; co-
secreted zinc causes beta cell death, an effect that may
be attenuated by pyruvate or clioquinol [11–13]. Second,
zinc may mediate some of the suppressive effects of
beta cells on glucagon secretion from neighbouring alpha
cells [14–16], but some controversy remains on this
subject [17]. Finally, cytokine exposure seems to influence
the production of zinc-transporting proteins, suggesting an
interaction between zinc fluxes and traditional beta cell
toxic substances [18].

The role of zinc transporters

Beta cells, particularly beta cell granules, are extremely rich
in zinc, therefore an active transport against concentration
gradients is required in order to maintain adequate zinc
concentrations. Some transport of zinc into beta cells occurs
through L-type voltage-gated calcium channels [19]. Per-
haps more importantly, zinc homeostasis is regulated by the
ZNT and ZIP zinc transporters. In general, the ZNTs
(SLC30A family) transport zinc from the cytoplasm to
extracellular spaces or to intracytoplasmic vacuoles, such as
secretory granules, while the ZIPs (SLC39A family) are
thought to increase cytoplasmic zinc.

The characterisation by Chimienti and colleagues of ZNT8
[20] as a zinc transporter primarily located in beta cells has
allowed several mechanisms to be described that may explain
the relationship between mutations in the ZNT8 gene and the
risk for type 2 diabetes. More specifically, the risk allele
causes beta cell dysfunction in patients with type 2 diabetes
[21, 22]. Overexpression of ZNT8 increases the zinc content
of beta cells and promotes glucose-stimulated insulin secre-
tion in cultured cells; it also protects from apoptosis related to
zinc depletion without inducing the toxic effects of the
increased level of intracellular zinc [23]. ZNT8 expression is
downregulated by interleukin 1-beta, which is known to affect

beta cell function in type 2 diabetes [18]. Global knockout of
Znt8 renders mice glucose intolerant with impaired insulin
secretion, although not all results have been concordant [24–
26]. In all reports the consequences of Znt8 knockout seem to
be relatively benign; for further details, see Rutter [27]. In
knockout mice a high-fat diet causes severe insulin resistance,
possibly related to a differential expression of Znt8 in varying
types of adipose tissue [28]. Results from the present study
[1], which used selective beta cell knockout, support the
increasing body of literature that suggests that ZNT8 is
important for insulin processing and secretion.

Perspectives

Are other zinc transporters relevant for the study of
diabetes? Apparently so: ZNT3, also downregulated by
interleukin 1-beta [18], may be important for adequate beta
cell function as knockout causes accelerated glucose
intolerance in streptozotocin-treated animals [29].

Is zinc metabolism a future therapeutic target? We have
yet to see larger clinical trials exploring the therapeutic
potential of this new knowledge. However, several paths
may lead towards therapy. Metallothioneins may be one
way to go. Metallothioneins can be induced by zinc and
may contribute significantly to the regulation of organ
function as shown in experimental diabetic cardiomyopa-
thy, possibly via their interactions with both intra- and
extracellular zinc [30].

The formation of amyloid beta, known to cause beta cell
death if it aggregates in islets, may be another area of focus.
Zinc, via the activity of ZNT3, seems pivotal for the
formation of amyloid beta in the nervous system [31], a
process that occurs in parallel in islets and that may
hopefully be interfered with—by the use of metallothio-
neins or other means—in the future in order to maintain
functional beta cells.

The identification of ZNT8 as a risk factor for type 2
diabetes and the description of the pathologies related to
this protein, such as those described in this month’s
Diabetologia, may offer new means for protecting beta cell
mass and function.

Duality of interest The author declares that there is no duality of
interest associated with this manuscript.

References

1. Wijesekara N, Dai FF, Hardy AB et al. Beta cell-specific Znt8
deletion in mice causes marked defects in insulin processing,
crystallisation and secretion. Diabetologia. doi:10.1007/s00125-
010-1733-9

2. Scott DA (1934) Crystalline insulin. Biochem J 28:1592–1602

1550 Diabetologia (2010) 53:1549–1551

http://dx.doi.org/10.1007/s00125-010-1733-9
http://dx.doi.org/10.1007/s00125-010-1733-9


3. Huber AM, Gershoff SN (1973) Effect of zinc deficiency in rats
on insulin release from the pancreas. J Nutr 103:1739–1744

4. McNair P, Kiilerich S, Christiansen C et al (1981) Hyperzincuria
in insulin treated diabetes mellitus—its relation to glucose
homeostasis and insulin administration. Clin Chim Acta 112:343–
348

5. Kinlaw WB, Levine AS, Morley JE et al (1983) Abnormal zinc
metabolism in type 2 diabetes mellitus. Am J Med 75:273–277

6. Jansen J, Karges W, Rink L (2009) Zinc and diabetes—clinical
links and molecular mechanisms. J Nutr Biochem 20:399–417

7. Sladek R, Rocheleau G, Rung J et al (2007) A genome-wide
association study identifies novel risk loci for type 2 diabetes.
Nature 445:881–885

8. Jing YL, Sun QM, Bi Y, Shen SM, Zhu DL (2010) SLC30A8
polymorphism and type 2 diabetes risk: evidence from 27 study
groups. Nutr Metab Cardiovasc Dis. doi:10.1016/j.numecd.
2009.11.004

9. Wenzlau JM, Juhl K, Yu L et al (2007) The cation efflux
transporter ZnT8 (Slc30A8) is a major autoantigen in human
type 1 diabetes. Proc Natl Acad Sci U S A 104:17040–17045

10. Yoshikawa Y, Ueda E, Miyake H et al (2001) Insulinomimetic bis
(maltolato)zinc(II) complex: blood glucose normalizing effect in
KK-A(y) mice with type 2 diabetes. Biochem Biophys Res
Commun 281:1190–1193

11. Chang I, Cho N, Koh JY, Lee MS (2003) Pyruvate inhibits zinc-
mediated pancreatic islet cell death and diabetes. Diabetologia
46:1220–1227

12. Kim BJ, Kim YH, Kim S et al (2000) Zinc as a paracrine effector
in pancreatic islet cell death. Diabetes 49:367–372

13. Priel T, Aricha-Tamir B, Sekler I (2007) Clioquinol attenuates
zinc-dependent beta-cell death and the onset of insulitis and
hyperglycemia associated with experimental type I diabetes in
mice. Eur J Pharmacol 565:232–239

14. Ishihara H, Maechler P, Gjinovci A, Herrera PL, Wollheim CB
(2003) Islet beta-cell secretion determines glucagon release from
neighbouring alpha-cells. Nat Cell Biol 5:330–335

15. Franklin I, Gromada J, Gjinovci A, Theander S, Wollheim CB
(2005) Beta-cell secretory products activate alpha-cell ATP-
dependent potassium channels to inhibit glucagon release.
Diabetes 54:1808–1815

16. Slucca M, Harmon JS, Oseid EA, Bryan J, Robertson RP (2010)
ATP-sensitive K+ channel mediates the zinc switch-off signal for
glucagon response during glucose deprivation. Diabetes 59:128–
134

17. Ravier MA, Rutter GA (2005) Glucose or insulin, but not zinc
ions, inhibit glucagon secretion from mouse pancreatic alpha-
cells. Diabetes 54:1789–1797

18. Egefjord L, Jensen JL, Bang-Berthelsen CH et al (2009) Zinc
transporter gene expression is regulated by pro-inflammatory
cytokines: a potential role for zinc transporters in beta-cell
apoptosis? BMC Endocr Disord 9:7

19. Gyulkhandanyan AV, Lee SC, Bikopoulos G, Dai F, Wheeler MB
(2006) The Zn2+-transporting pathways in pancreatic beta-cells: a
role for the L-type voltage-gated Ca2+ channel. J Biol Chem
281:9361–9372

20. Chimienti F, Devergnas S, Favier A, Seve M (2004) Identifi-
cation and cloning of a beta-cell-specific zinc transporter, ZnT-8,
localized into insulin secretory granules. Diabetes 53:2330–2337

21. Staiger H, Machicao F, Schäfer SA et al (2008) Polymorphisms
within the novel type 2 diabetes risk locus MTNR1B determine
β-cell function. PLoS ONE 3:e3962

22. Kirchhoff K, Machicao F, Haupt A (2008) Polymorphisms in the
TCF7L2, CDKAL1 and SLC30A8 genes are associated with
impaired proinsulin conversion. Diabetologia 51:597–601

23. Chimienti F, Devergnas S, Pattou F et al (2006) In vivo expression
and functional characterization of the zinc transporter ZnT8 in
glucose-induced insulin secretion. J Cell Sci 119:4199–4206

24. Nicolson TJ, Bellomo EA, Wijesekara N et al (2009) Insulin
storage and glucose homeostasis in mice null for the granule zinc
transporter ZnT8 and studies of the type 2 diabetes associated
variants. Diabetes 58:2070–2083

25. Lemaire K, Ravier MA, Schraenen A et al (2009) Insulin
crystallization depends on zinc transporter ZnT8 expression, but
is not required for normal glucose homeostasis in mice. Proc Natl
Acad Sci U S A 106:14872–14877

26. Pound LD, Sarkar SA, Benninger RK et al (2009) Deletion of the
mouse Slc30a8 gene encoding zinc transporter 8 results in
impaired insulin secretion. Biochem J 421:371–376

27. Rutter GA (2010) Think zinc; new roles for zinc in the control of
insulin secretion. Islets 2:49–50

28. Smidt K, Pedersen SB, Brock B et al (2007) Zinc-transporter
genes in human visceral and subcutaneous adipocytes: lean vs
obese. Mol Cell Endocrinol 264:68–73

29. Smidt K, Jessen N, Petersen AB et al (2009) SLC30A3 responds
to glucose and zinc variations in β-cells and is critical for insulin
production and in vivo glucose metabolism during β cell stress.
PLoS ONE 4:e5684

30. Wang J, Song Y, Elsherif L et al (2006) Cardiac metallothionein
induction plays the major role in the prevention of diabetic
cardiomyopathy by zinc supplementation. Circulation 113:544–554

31. Stoltenberg M, Bush AI, Bach G et al (2007) Amyloid plaques
arise from zinc-enriched cortical layers in APP/PS1 transgenic
mice and are paradoxically enlarged with dietary zinc deficiency.
Neuroscience 150:357–369

Diabetologia (2010) 53:1549–1551 1551

http://dx.doi.org/10.1016/j.numecd.2009.11.004
http://dx.doi.org/10.1016/j.numecd.2009.11.004

	Zinc, zinc transporters and diabetes
	Abstract
	Zinc and diabetes
	Zinc and cells of the endocrine pancreas
	The role of zinc transporters
	Perspectives
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


